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IMJ~,'Un~O.4ov r4Mea0-Cong3 "emcr'rhagic 4ever (CýCHF) virus was alnte

'rom i Pected adu~t HybI~onma ticks to La-tctd1rval anid ri-hsi H~aLorna tizkis
..ihile c.ofeeoing :-r a guinea pig bost Pi~at d~d not have a detect ~b~e viremia.Wher
zez-te, after feed~i-a with irifected aduLts, chree(D.8")6of ý7O H. irkxcaturm Larvde;;

ccntai :nea detect6a'~e CCHF viru-s (mean virus ti~iIter 1C .6pLaque-for-nira -nit:,-1.:FU/-i ko
The vii-Ls was trztnsm-itted t~ansstadiaLLY frcminfýcted iarvae and ,as dettedieJle

1 IS9~ of 93"1 H.4npelttatum nyiro~s, wHch crig~nated frcri La,-va*- that co-d h
I etd dts CHF virus was detlected in. 21 (4.3%) of 449(mear - rus tit e" C

Pt.7ticfea n'nths, tjt none of 886 ac.ts tested after ro~t. Resu~ts r,4 triS

4-fection wlii~e Wo+eding on a host w't~out a doatectable vir~erna.
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TRANSMISSION OF CRIMEAN-CONGO HEMORRHAGIC FEVER

VIRUS IN TWO SPECIES OF IfYLO I4 TICKS FROM

INFECTED ADULTS TO ('OFEEDING IMMATURE FORMS

SC1 till \\(0RlO\. KE-NNI-1t J.l j I NItHt(IC.W .,Ni),. R. MIOt.Lro\

It b;t'ilc, 'I ',' IMwaw,' 1,','out Ai~tot A. ILeiiA Var io' .I'ht'ind ''r' nhtz

l.*lstract- C.rintean-('ongo hemiorrhagic fieer ((CHF) virus "as transmitted from in-

fected adult 1lval''ioima ticks to uninle~cted larval and nvmphal Iilya'mmia ticks ss hde
cokieding onl a guinea pig host that did not ha\vc a detectable \ iremia. When tested after
tfeeding %kith infected adults, three 10.8%) of'370 11. !rutincatu iilarvae contained detectable
CCHF \irus (meanf .irus titer 10, " plaque-forming unistsPF1I tick). The viruswas traits-
minted transstadiall\ from infected larsac and ssas detected in Ii (1.110"' oi 1.253 n\mlphs,
and 12 (01. 1,) of 2.)49 adults. Virus wkas recos ered from IS ( I.9") ot"f 93ll impt''liatuttl
nf mphs. which originatedtfront lars ae that cofickd with infected adults. After 1/. uflpelial'lio

nx~mphs cofed with infected adults. (C)HF \irtis was detected in 21 (4.3'"0 of 449 (nican
\virus titer 10 PFF tick) 6ed ns inphs.ý but none of X8b adults tested after nmolt. Resu~lts
of this stud% indicate that a small propoirtion of eitIher lar\ ac or n,. ntphs ma\ acquire t'( HI:
inli'etion s hile cofeeding onl a host ss ithout a detectable viremnia-

The maintenance and transmission csclcs, of dcx elop at detectable ' iremnia ) Ken" on R. I'. S.
Crimecan-Congo hemorrhagic tc' cr (( HE) \ I- Arm% Meduical Materiel lDcs loprttcnt\its i

rus (ftarmi[% Bunsa aridac. genius \ai' nwritsi in Vort I )ertek. FrederIick. NIDI. unpublished data

nature are not \&ell understood.' Transiso aral 'lThis stud% wVas designedk it) determine If( ( III-l

transmitssion of'( 'H F %rus in the principal Ilv- ' irus Could be tranmtte1111d from infected Ili

a lot, a spp. tick \seetors, could wer% c as, ai main - ab 'mma adutlts to iii itt at ore ticks %\111 nIc cfed -

tenance mechanism. Itosses r. tranisnnssion rates Ing Onl a 'guiitea pig.
reported in the li te rat ure nitas be too lto s to ha sc

an nt po rtattint ipact on % it-rus nia in lena neC. \10% %Iist1\1% 11 M 10
ecrtcbrales, Itfected w~ith ( M \I- sIrsItI na~ture

are' not tlt''ught tii he Important rtsersow iit'ot 1,As tiil cli M N
the s irLPs be~auISe s er% ('it des chip high 5 ire--
ihttas lones- and other,, desc.ribed a noi% el motdc Ick uAse LinC 11th1,'is td\ %%ete obItainedt 11011)
ti arbos rus transmwoisit of' I'h'OtI2 Wirst', 1 aoao0ciiniso /'/'''), a-''.
ticks, s (ile tiilecdting \%tilh intitced ticks oin af (II 16. i'stablilit'd \kith 1 3thi iieneri'n colon
gulinea pig that did not base a detecabl sire% 1- S einl obtaintd 'otto the Natio'nal ItIsIttuick

ttiuIt'(C 'C I'I \s11 irus ttau"Snnsii' 0curred I)C it \IrnIog\ Sandringham. Republic of' South
1s1Ai tik ketis eding tiit hosts 55 iotit a c rc'ln Itsloti 1.etbihd ssithI

dIetitableC s retina, t11itan s ertebraicsN L(itld J)0' held ciilcidspecik iit frontt N ,itti'tC!r.
tentiall> sers it acstrisers Iir labiraitor\ Itik-in- Settegal land sset'c 1ruaitttaited Ini out' labotators.
fecti01 studies \%II it X ((III aInd DIighe f ltitis\- ,ttrctathtikolieserittiftd
;Is InIIda c \,,IIto II I:i I s iruses , , suggest th11at I iti ('( III' s irus., adults, used to establish filte

MItI n. Lectel aIdult t Ics% kt ac aquireL \ Irii Itt, ktI~ 1t011 colonts sserc tested lir the presetteeof itt stins in

ss~l. (tilt ii 'ditg ss ith II1 'ected adults1 oil gU111itic cell cultute atnd ssik etfound to be Iree tof sirus.

pigs %%tit11111ut a detectable' sI iteiia; hisses\ CIi. Du- ~rintg ionpatas~itic phases. t-.- ticks, ssnci held
s01b1V senereFal trattsmtssuit n tr anstniissi' hs itt a plesiglIass chatmber maintained at a ivlatis e

liserpnastisn uld tnot beC Ititled 'titt theseC% hurnidmu of 92-98'', anld at 21,( '. \%fitll a I _2ý I12
studies. ' hri IA) phlotperiod Adlllte ig srtt1.

Plre iiu %tust ides sn ussed thIiat C 'I If s i ros-itt- (1001 g or larger) ss crc used as, host an imnals I-r

OtUt hitd got utea pigs bet, ttte tint,('' lid but d10 not9 tick in leslat in Ot it all e spert menlt .
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Thle ('(I-IF virus (strain IbAi 10200) used in .- d(ult /L. !ruotcan, and 1I, imopeiatuio tick,,
this stud\ "ias isolated fromi I/. cci.cniiilifl (,, ,ere inf~ected with C( H F \virus b\ intracoelomitc
I!. uriau huirn ckcaiotuo) near Sokoto. Nige- inoculation through the coxal membrane of- thle
na.' Thle reference stock was obtained from the hind leg wxith a fine-tipped syringe pulled Worn
Ysale Arbov irus Research (_nit (Nessk flaien. CT) 0.6-mim diameter capillarx tube-)S. Each tick re-
as Ixophili/ed third mouse brain passage n'iate- ceived approximatcl\ 0.27 ul of stock \virus sus-
rial. -The \virus w\as f-urther passed I i timecs in pension. Samples of' inoculated ticks w-ere as-
tiewborn mice b\ the intracranial route. A w\ork-- savsed immiediatel\ after inoculation and at seven.
intg stock \irus consisted of- a clarified 10"0 SIiS- 14. and 21 dlais to determine virailtiters.
pension of' triturated infectecd Suckling mouse T hree experiments xsere conducted seven daxs
brain in meldiumn I199. prepared in Hanks' hal- after inoculation til adult ticks with (V(HF - irus
an~ced salt solution (H-I199) ),%it)h 1 "'A ml1 (it because Prev ious Studies found that viral titers
Na~l( 0, plus S~ heat-inactivated (50'( fuor 10 Iin ticks attained maximum les clx at this tiime.
min fetal box inc serumn 0_1S). I100 units mil of' In experiment 1. I1. trot alum lars ae (appro\-
penicillin. 1001 ug nil of' streptomx cmn. and 2.5 imiatekx 1.) 000 guinea pig) \kere cofed. oin each of'
Pg nil if' lungi/one. The \ irus titer 'sas 10 six guinea pigs, w% ith three Pairs of' \ irus-inocu-
plaqlUe-lorming units WIV Pn'iml as mecasured b\ lated HI. itruiiatiii adit.-, In experiment 2, /1.
p)alaue a~siy oin SW- 13 I li uman small cell car- minichatonz lars ae (approximlatel\ 1,0001 guinea

cinoa ofthe drenl cotex)cellminoa~ c5.' pig) wxere col;e,Žd on each of txxO guinea pigs. xs i th
three pairs of x irus-iniculaited 11. ioipctatio~i

nI 01S U\,4 proi- ur., ad ul ts. In) experiminen t 3. .11i ipi 'tatte n\u1 in phi
(approximiatelx 3001 guinea pig) %\ ere collcd, onl

Ticks, xxcrc triturated in If-I 199 iv it)) II (W, I IIS eachi of six guinea pigs. v. ith fix. e pairs of- virus-
plus 100( units mil of' penicillin. 1001 kg nil iii' inoiculated H, inpt'haiio adults. In cachi esper-
stireptoim\ciii. 2.i gg nil of fungi/one, and :,o "g, intent,. Immature forms xs\ere led on guirica pigs
inIi] f 'geti am icin 1 PSFIGI(2 nin fur ad u Its and I txxo dax s a fter inlected adults had attached toI thile
nil for minita t ure stages) in tissue grinrders, and host.
suspensions w\ere prepared according to thle Previous studies have shown that thle mean
mlethods decscribedt h ILogan and others. ..\lI- feeding times for 11. V11iiii11tno Ilarvae and adtults
quLOtS of' (). I Ml of' thle suspensions x%\crc irlocu- are tour and eight dax s. respectiN xel%.' The mecan
Ia ted on to 'SAI,- 13 iniinolIa ers in I _ elplates. feeding timies, fuor It mii ipha in i larx ae. nxm plis
adsorbed fur I hr at 30'( . then) ox erlaid xslth and adults arc six, seven,. and eight dax s. re-
0.6'., Seakemr I [SIC Ilioprirdtcts. Rockland. MEF) spectiively. Mlost imnmnatiirt forms dropped oiiI
agarose In Eagle's 1m1inin11111m essential niedium the host from iine daxt before to approsi match
xw ith nonessential amino acids. I 01i FlIN. 0) 1 1% one daN. alter infected adults dropped oil' A\s re-

I -luamie.and PSF(, C.ell cultures x%\ere in- plete larv~ae or ii'. phs dropped oil'. ihe% xere
c ubated at 360X in a humidified ( C) incubator collected and samnpledl datl\ f~or v irus isolation
for plaque deseliipment and] xerC stained alter until drop o~ll was complete. I he number of' im-
f our d~a\ s xx ith another o\x erlai ofthell ahirs c rite- matutre f-orms that were assaw d for x irus as tile\
ditiim co ntaining 331) mg nil rif neutral red. Plaques dropped oil'the host alter colevdiint, w'th inf'ectcd
"xxere coiunted alter an additional dax. iif' tnu- adults viaried: hoxvexer, approximatelx 5% if the
bation. Virus recov ered f. om tick suspensions larv ae and 30%" ol' the n\ miphs that dropped off
wasl identified in at plaque-reductjion neutrali/a- oil a gi, en dax xvcrc assax ed, Ater molting, the
tion test %&ioh anti-C(H UM \irus% mouse tl,.per- tick% were plac-ed f~or attachment on guinea pigs
immlune ascitic fluid. Serum samlples were oh)- not previousl\ infi.cted with ('(HIF virus or not
tamned from host guinea pigs one I da,. before pre\viouslx minfsted wxith ticks, andi the process
infestation andi at sev en. 14. 2 1, and 28 (laxs after repeated toi the adult stage.
tick feeding. and "sere tested for antihodi. toi This research was conducted in co~mpliainee

Ufff- v irus by Indirect inimunolluorescence'' with the Animal Welfalre Act and other Federal
and anti body-capture crn,'x me-linked nitnuno- statutes and regulations relating ito animals and
sot bent as:,x (ILIIS Ns I experiments inxioliing animals andi adheres to
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TAB~lI FA[S r 2
I-Isalonma tuneaum i~ A utiy , /nn1 o raol'\ II Hs alommlla irripebatuni rfA' afcr

~i c-.1 ln r Crillcii- ,i~bca ,) Iv, - eymuslre a\ /arvac' lo C'(i,-( no ic,(orn/cici,

I ed I irsac 3 0 (0).18) 1 1, 6 1, Fed lar\ ae I) 134 ()0
I ,1Ivkd rit NmIp h I 'ied nymnph

.~ o~s 2"81U. 2. - (96 pools) 3 S03 (0.61 )
1 k nsmph Fed n\ m ph IS 8S)) (1.8) 2.8 14

Idl\ iduals () 0 - t nied adult 365li' (() 0.7

I d 11mmIIph 14 1.l10)( 1. 1) 1.11 2- Fed adult 128 (111 0.7 34
t rited adult -175 (11, .4) 21 *Ii 1, -

f d adult s 20)311.- 1.9 16 s rls a i i,,
9

, 5-*,I- ,

In experiment 3. tmore than 4'!o f2l of 4891 of'

principles stated tin the t iade /Or tie( ( cuei and the 11. impeoharuot inymphs that coted with in-

Ie %t Lalh,wtoirv, Inii,,tu. NIH Publication 86- oculated adults contained detectable \ irus ([able

23. 1985 edition. 31. Although no \ irus \\as found in the 886 adutlts
derived from exposed n\ mphs. CC HF %virus %%as
transmitted to 401"o 12' of' 5I of the guinea pigs

RLSt t IS used as hosts.

The mean s irus tiers in (.I-F-inoculated
ad ul 11/. i' imtoalmmand 11. a opi-lamm %t %erc 10ll DiS( I SSOIoN
and II) ' PH'I tick. re-spccti clI. ss hen assa \ ed
at the timec of guinea pig irfieisttiffor. In each of, In this Stud%, Hf. hruncammo larvae and 11. io:-

the three experiments, Inoculated adults trans- J)('/tumi~ larvae and nri\ pbs became infe~cted
muteIId (Vf it- \ cr05 to guineIa Pigs, ats evidenced xith ( I-IF virus wxhile cofeeding on guinea pigs
h\ detiection of antibodies to the virus 21 da~s " ith adult ticks inoculated sex en dlaxs pre\xiousl,\
alter tick intlctation (Tables 1-3), No s irus wais ss ith ('('HF viru-s. No vireimi wals detectable
detected in the guinea pig sera s\%hen tested b\ using SWV- 3 Cell Culture: bosseser. guinea pig
plaqueI as~saý during the period of' tick feeding. serumn inoculated into adult It. 11111UMatni ticks.

lMobl''fiflici trimicatnum krarsie 13 111.8"] of 370 xswhich were then incubated lbr sex en dax s. tnit-
becameinketei'ctd\As bilesimiultanictiusl\ Ceedingon urated, and, inoculated onto SW,- 13 cell cultures.
guine~a Pigs ss ith pres0UJ ioiu\ nlC(tej it. hi0a yielded \virus. As demonstrated b\ the detection
rooti adults I able I). Virus ss as tratnsstadiall)x ilfantibodies to ('('11F virus, inoculated adult

transmitted subscquentl% to tlx mphs and adults. ticks transmitted %virus ito guinea pigs. These ob-
N\ miphal ticks transmitted \ irus to 5))"l 12) of 4) sensations are similar to the findings reported b\
arid adult ticks transmitted v irus til 1 1" (If 16) Jones and others.' in v% hich Thogoto N iusw in-
(If the guinea pigs used ats hostsý.

No virusý %%,I detected in 1 34 replete 1/. nat- [-mu v 3
pi'/natui n larv ae that coled wkith inoculated adouIts, In/c -00 ra,-in III xjaloio rita Iin)pcI atinm hi A, aat,'
tio os scr. x ruis xas recovered f'rom ninm ph s from 111110ininb '(,oa ~ ~ b i

molted larvae (Table 2) . Af'ter at bloodmecal on eptriMe.fotvt ilIwtdaut

nais e guinea pigs. I15 of' 8501 replete nxmiphal f77Y'1('
ticks, had detectable (VI'HF sinus Infections and . -"I1 4 II1)

I of' 4 of' the host animatls senoconv erted. indi- - -- __ _________

F-ed nrniph 21 489 14.1) I. 6 heating that v irus transmission had occurred. No I nkdi adult 0) 754 ((1) 0 .", -
,irus was detected in adults exposed as larctic: I-ed adult II 132(01) - 1.7 2 5

how~ever. 75'1/ (3 ot' 4) of the guinea pigs used as II i pBicuei ,n(,c (I, -'cId '-I 11 ,cc,. 111(

host% contained antibody to ('(HIF viurus after --11ph1 111 ,cic -d..5-~''1I1 151~

adult tick feceding. l.c~ c'" 1.1 1c1i((cc

'Alf
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fecetion in guinea pigs also produced ver,, los- ('('HF virus while feeding on nessborn mice in-
level virus replication. oculated with the virus, we hawe not been able

Our inability to detect CCHF virus in unfed to infect ticks on adult laboratory animals in-
nymphs in experiment I and adults in experi- oculated with the virus.'' The demonstration of
ments 2 and 3 ma. result from low viral titers virus transmission to uninfected ticks thiough
in ticks and low sensitivit.s of our viral assa> on cofeeding on a host 6iithoul a detectable viremia
SW- 13 cells. Serologic ev idence of virus trans- marks our firs! success in infecting ticks on adult
mission to guinea pigs demonstrated that these animals. These results provide supporting lab-
stages were infected. The prev ious studies that orator% evidence for the epidemiologic obser-
assayed ticks infected with ('('HF virus in SW- vations incriminating I/. trunc'tumi and ff im-
13 cells found that some low -titered virus inl'ec- peltutum as vectors oI'('VHF virus. The o\erall
lions were not detected.' ' infection rate in ticks exposed as larv ae to a non-

l)etecting ('('HF virus inl'ection in nymphs and viremic host was O.7'1,in II. ;ruoncu!oum and O.P%
adults arising from ticks exposed to ('('HF virus it 1.p
as either larvae or n% mphs demonstrates that the The observation that transmission of ('(H F
ticks became infected and that the viru ~as \virus occurred in two different tick species during
transmitted transstadiall\. Because v irus reco - cofeeding on a host with an undetectable level
cr\ rates in unfed nsmphs and adults were lower of virus when assayed in SW-13 cells suggests
than rates in fed ns mphsand adults, it is possible ihat this mode of transmission might be mrethahattthismmodeoof transmission mightrredmore
that transmission mnas also have occurred be- than an isolated phenomenon. The transmission
t\%ecn infected and uninfected, colfeeding nN. mphs
(experiments 1.2) and cofeeding adults (experi- repitted here ma.f be an important obser tation
ment I . Jones and others, found that saliauart
gland enhancement of Thogoto % irus transrn - tribution and population densities oflval.,ommo

sion in a non\iremic host occurred alter ticks spp. ticks are closely associated \wtilh the occur-

Sere attached to a host for 4-0 da\ s., I#''aom - rence of( '('H-F irus. particularl\ in 'trica. It-

mia lrtuilat uom n in phs and adult fenales feed a/ oomma spp.. in luding 11. trum'octuno and If

an a\ erage of eight da. s' and 1/ i lll'm hIic'iatun, are found on a w\ide arielt of hosts

nsnmphs feed for seven days. Virus titers in and are considered important cctors of('('HF.

n\nnphs and adultsaflter molting from lars ae and based upon experimental studies and field

n. m phs %%ere slightl) higher than those obsers ed isolations of the , irus.' "

in lar. ac and n.mphs exposed to virus. Simi- 'lthough antibodies to ('('IF v irus are found

hrl.` the demon,.tration that both nl rliphs andI in numerous species of s'ertebrates, s ers tw are
adults, exposed as larvae or n% mphs. transmitted thought to des elop ('('HIF viremias high enough
((tIi - irus to guinea pigs indicates that the %i- to be ins(il etd in the transmission of the xi-

rus infection in ticks swas disseminated to the rus.' ' Similar rt ,alts were obsersed b. (ion-
salivar\ glands. /ale/ and others.,' who found that unintlected

[he use of coleeding adults and iinnmature female IIrun, 'O,'atroi became infected while co-
forms excluded the possibilits that venereal feeding \wilh infected males in rabbits. Our re-
transmission was the mechanism b1 which un- sutýs suggest that a vcrtebrate could be ins olsed
in fected ticks becamlie inf.ected. 1 % perparasitism in ( 't "'FI virus iransmission Ito icks, e %en though
still could have occurred, since adults and tilt- it ma\ iotli dcevelop a high \irermia. The trans-
matutre •orms wsere placed oin the guinea pig wsith- mission we iibser\ cd in ticks coleeding on a host
in the same feeding cell; hosses r, immature without a detectable % irenla suggests that man\
forms wsere closel\ monitored alter infestation more sertebrates than pre\iousl\ considered
and Ithose thal failed to attach w'ere remosed alter cotild serve as amplif. ing hosts of the s irus. en-
24 hr. Pre ious studieshave reporled that ((III: hancing the surs ival of sirus in nature.
v irus replication in IH. ltrl'ui'alum and If ImptlI-

balumt increases dluring blood Ifeeding.' 'r, In-
reased viral replication in ticks dluring blood '\cknflostedgments: We are grateful to I. NI. I ogan. NI.

rJ. lurell, and K. F. Kenson 'or re\ icAing the nanu-feeding may have enhanced the transmission ut ofisin h auscript, to J. 1). Kondig for insaluable technical assis-
the virus to uninfected ticks, tance, and to R. M. Risera and S. Kieslong.ia br

Although I#'alomia ticks can hI, infected with typing all drafts of the manuscript.

iil ~ l• Illllill ilillili lil • i4.
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